Fatal occupational injuries were studied using data from medical examiners' reports in North Carolina for the years 1977-1991. Cases were defined as deaths due to accidents or homicide at the workplace, and populations at risk were estimated from the 1980 and 1990 US Censuses. Mortality rate ratios and proportionate mortality ratios were used as measures of association, and the population attributable risk percentage was used as an indicator of the burden of injury. Standard weights for direct age-adjustment of rates were obtained from the total state workforce. There were 2,524 eligible deaths-83 percent from unintentional traumatic injuries, 14 percent from homicide, and the remainder from other causes. This report focuses on unintentional trauma deaths, which were strongly associated with the wood production, fishing, and transportation industries. Elderly, African-American, and self-employed workers had higher fatality rates than members of other groups. Among male workers, motor vehicle crashes were the principal cause of death on the job, followed by falling objects, machinery, and falls. The industries contributing the largest proportions of these deaths were construction, trucking, agriculture, and logging (population attributable risk percentages were 16.8%, 8.8%, 7.9%, and 6.9%, respectively). The fatality patterns of female workers were different: Numbers of deaths from homicide and unintentional trauma were equal, and 27% of the latter deaths occurred in one catastrophic fire. Decentralized and rural industries were the most hazardous, but many deaths were outside the current jurisdiction of occupational safety and health agencies. These patterns suggest that greater scrutiny of such industries, through both research and intervention, is warranted. Am J Epidemiol 1997;145: 1089-99.
North Carolina's reported occupational injury rates are near the national average and have been declining (4) (5) (6) . Nevertheless, North Carolina is an important site for research on the epidemiology of occupational injuries in the contemporary context. It is a key state of the "New South" and has the lOth-largest labor force in the United States. Despite the absence of major cities in North Carolina, the proportion of workers employed in manufacturing is the nation's largest, and female and minority participation in the labor force is high (7) .
Historically, the South has differed from other regions of the United States with regard to industrial structure, workforce composition, work processes, and public policies-all factors which, in combination with the presence of specific hazards, can shape the epidemiologic contours of occupational injury. In recent decades, US industry has been adopting a characteristically Southern form of organization based on geographic mobility, flexibility, low labor costs, minimal government regulation, and opposition to labor unions (8) . The epidemiologic character of occupational injury in North Carolina may thus be indicative of the effects these Southern strategies could have on worker safety if adopted elsewhere, as well as of their current effects within the region.
Here we report on the epidemiology of fatal injuries at work in North Carolina between 1977 and 1991, focusing on unintentional trauma. This paper describes the occurrence of medical examiner-recognized fatal occupational injuries and identifies areas for research and prevention. Medical examiner data can be more detailed and comprehensive than the data available from death certificates (9, 10) , and occupational information from the US Census facilitates the simultaneous identification of populations at risk by age, sex, race, and industry. We emphasize the experience of female and rural workers, groups that are important in North Carolina but which historically have received little attention in occupational safety research.
MATERIALS AND METHODS

Cases
Fatal occupational injury cases were identified through North Carolina's statewide medical examiner system. By state statute, all injury deaths in North Carolina are under medical examiner jurisdiction. In such cases, in addition to certifying the death and completing the medical portion of the death certificate, the local medical examiner collects information on the circumstances of the death, including the manner and means of death and whether the onset of the events leading to it occurred at work. Medical examiners' findings are reported to the central Office of the Chief Medical Examiner, whose staff includes forensic pathologists and data coders and managers. This statewide system provides an extensive array of information which includes the cause of death, descriptions of the decedent and the circumstances of death, and medical and toxicologic information. North Carolina's statewide reporting, coding, and retrieval system is considered a model for other jurisdictions and provides information that is more detailed and better in quality and comprehensiveness of ascertainment than data from death certificates (9, 11) .
Cases were selected from the Office of the Chief Medical Examiner's central computer database. Medical examiner cases with dates of onset between January 1, 1977, when on-the-job deaths began to be systematically identified, and December 31, 1991, the most recent year for which data were available, were eligible if the computer record indicated that the death was due to accident or homicide and the fatal injury occurred while the decedent was at work in North Carolina. During the study period, the medical examiner system did not have a formal definition of being "at work," so this designation reflected the judgement of the investigating county medical examiner, subject to review and reevaluation by the central office staff.
Forty-seven deaths that occurred in North Carolina as a result of injuries sustained in other states were excluded because the population at risk could not be enumerated, and 16 other individuals who died at work but died from nonoccupational poisoning by therapeutic drugs or beverage alcohol, or by choking unrelated to work, were also deleted. Another 71 cases in which the interval between injury and death was more than 30 days were excluded in order to improve the homogeneity of the study group.
Records of the medical examiner's investigation and the death certificate for deaths that met the study criteria were reviewed, and additional data were manually abstracted, including information on the decedent's work at the time of injury (in contrast to the usual, lifetime occupation reported on the death certificate) and the estimated time and date of death, if these were missing from the computer record. Occupation and industry information was coded according to the 1990 US Census classification system (12) by coders trained according to National Center for Health Statistics guidelines. Underlying cause of death was coded by the Office of the Chief Medical Examiner according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) (13), using external cause codes for injuries and poisonings. The manner or means of death (accident, homicide, or suicide) and the underlying cause of death were used to form four broad groupings of work-related deaths: deaths due to unintentional traumatic injury; homicides; deaths due to unintentional industrial poisoning; and deaths due to natural environmental conditions, such as lightning or heat (table 1) .
Causes of injury could be identified via the coded underlying cause of death or via the means of death assigned by the medical examiner using a system of nosologic categories similar to those in the ICD-9-CM but particular to the North Carolina medical examiner system. The means-of-death item contains a unique code identifying deaths attributed to farm tractors. Analyses using both ICD-9-CM and means-of-death categories gave similar results, but the means-of-death categories were more specific for many occupational injuries, so for brevity we report only those results here.
Events with multiple fatalities were identified by matching cases according to date, county, time, and means of injury. Two or more deaths that matched for all four variables were considered to have resulted from the same event. 
Population at risk
To permit the calculation of mortality rates, we obtained estimates of workforce size stratified simultaneously by age, sex, race, occupation, and industry from a 5 percent sample of the US Census (14, 15) . Data from both the 1980 and 1990 censuses were used, with occupation and industry recoded to the system used in the 1990 Census (12) . Worker populations in intercensal years were estimated by a linear model, and the estimated numbers of workers in each stratum were then summed over time to obtain an estimate of person-years at risk. Census data indicate that the number of North Carolina residents who commute to work in adjoining states is approximately equal to the number of workers who commute from those states to North Carolina; therefore, out-of-state residents were included in the numerators of the rates if they were injured and died in North Carolina.
Statistical analysis
For cases, years of potential life lost before age 65 were used to summarize the burden of injury (16) . Cases and population data were used to estimate rates of injury mortality per 100,000 worker-years. The Census does not provide occupational information for persons under age 17, homemakers, volunteers, students, or others not considered to be in the labor force. As a result, 35 persons under age 17 designated as being fatally injured while working were omitted from the denominators of the mortality rates, and no industry-specific mortality rates could be calculated for the remaining groups.
Age-adjusted mortality rates were computed by direct adjustment, using the composition of the overall state workforce as the standard, with rate ratios (17) used as a measure of association. Age-adjusted and crude mortality measures were usually equivalent, so in general only the more precise unadjusted rates are presented.
The population attributable risk (PAR) based on crude mortality rates was used to assess the relative contribution of specific industries to the overall burden of occupational injury mortality (18) . The PAR is positive for industries with mortality rates higher than the aggregate rate for all industries combined, and is negative for industries with lower-than-average rates.
To assess the relative importance of various causes of death within industries, we used a variant of the proportionate mortality ratio (19) :
where dj/Tj is the proportion of deaths due to a specific cause within an industry and dIT is the proportion due to that cause in all industries combined. Ninety-five percent confidence intervals for the proportionate mortality ratio were computed by the test-based method (17) .
RESULTS
Medical examiners identified 2,524 eligible deaths from injuries occurring at work in North Carolina during the period 1977-1991. These deaths accounted for 61,801 years of potential life lost before age 65. The largest number of deaths occurred among Caucasian men. Of the total number of deaths, 2,099 (83 percent) resulted from unintentional traumatic injuries, 358 (14 percent) from homicide, 26 (1 percent) from unintentional poisoning, and 41 (2 percent) from environmental and other causes (table 2). The pattern differed sharply by sex, however. Among women, deaths were evenly divided between unintentional trauma and homicide, whereas unintentional trauma predominated among men (table 2). The ratio of homicides to unintentional traumatic deaths was similar for all ethnic groups and for most age categories. However, there were somewhat more homicides among workers aged 65 years and older, and the proportion of deaths due to environmental causes was elevated among African-American workers (table 2) .
Relative to all industries combined, the greatest excesses of deaths from unintentional trauma were observed in the industry categories of logging (rate ratio (RR) = 21.6) and fishing (RR = 19.2), with smaller but still noteworthy rate ratios in trucking, sawmilling, and several other industries (table 3) . Homicide deaths were overwhelmingly associated with working in taxi services (RR = 82.4) and grocery stores (RR = 14.2) (table 3). Poisoning deaths were most strongly associated with working at gasoline stations, while deaths related to natural environmental conditions were primarily associated with outdoor industries (table 3) .
The remainder of this report focuses on unintentional trauma, the most common cause of death at work. Unintentional trauma deaths were observed for workers as young as 11 years and as old as 91, with a mean age of 39.6 (table 2). The mortality rate for men was approximately 25 times that for female workers. Although the largest numbers of unintentional trauma deaths occurred among Caucasian men and workers aged 25-64 years, the mortality rate was highest for African-American men (table 4) . Age-specific rates were lowest for workers aged 35-44 years, were modestly higher for younger workers, and increased markedly above age 55 (table 4) . Self-employed workers had a higher overall fatality rate than employees of either private firms or government (table 4). The crude fatality rate for the selfemployed was 6.29 per 100,000 worker-years, in contrast to 3.87 among private sector employees and 1.46 among civilian government employees.
The principal means of unintentional trauma were notably different among male and female workers. Among women, the three leading means-explosion and fire, motor vehicle crashes, and falls from heights-contributed 70 percent of deaths (table 5) . A broader range of means categories was observed among male victims: The five leading categories were motor vehicles, falling objects, machinery, falls from heights, and electrocutions. The principal means of death were essentially the same in all race and age groups (data not shown).
Sex-specific rates of death from unintentional trauma at work were examined by industry to identify environments that might merit further study or intervention. Among men, crude fatality rates in the logging and fishing industries (113.1 and 97.1 per 100,000 workeryears, respectively) were markedly higher than in any other industry category (table 6). High crude rates of approximately 20-30 per 100,000 were observed in agsawmilling, while several other industries-including construction, mining, food processing, the manufacture of concrete, stone, glass, and clay products, primary metal manufacturing, premanufactured wooden buildings, and electric, gas, and water/sewer utilities-had death rates below 20 per 100,000 but still above the overall rate for men (table 6). Adjustment for age substantially changed the rates in only a few industries. Among women, the industry categories with the highest crude fatality rates were food processing, transportation industries, military services, agriculture, and printing and publishing; all other rates were 1 per 100,000 workeryears or less (table 6). Adjustment for age again altered some rates but did not affect the overall pattern.
PARs were examined to evaluate the burden of injury associated with particular industries (table 6) . For men, the PARs associated with construction (13.6 percent), trucking (7.9 percent), agriculture (7 percent), and logging (7 percent) were the largest among all industries, reflecting a combination of moderateto-high death rates and large employment. Professional service industries were notable for a PAR of -10.0 percent. For women, the food processing industry made an overwhelming contribution to occupational fatalities, with a PAR of 29 percent (table 6 ). In contrast, professional services, with a low fatality rate and large female employment, were associated with a PAR of -33.6 percent, indicating that this industrial Loomis et al. sector was an important factor in women's low overall fatality rate. PARs for the total workforce were a composite of those for men and women (table 6) . Examination of proportionate mortality ratios indicated the relative importance of specific causes of injury within an industry. Two distinct patterns emerged among the 10 industries with the highest PARs (table 7) . One or two causes predominated in several industries-notably agriculture, fishing, food processing, and the military-while others, such as agricultural services, construction, sawmilling, and nonroad transportation, were characterized by broader arrays of hazards (table 7) .
Incidents in which more than one worker was injured were important for some causes of death and for some groups of workers. There were 63 events in which two or more workers sustained fatal unintentional trauma, and 190 deaths resulted from those events (table 8) . Fifty-one of the events resulted in two deaths each; the remaining events included three large incidents with 12-25 victims each (table 8) . Air crashes were the most common type of event with multiple worker fatalities; 27 such incidents resulted in 87 deaths. The largest single event was a fire in a poultry processing plant that caused 25 deaths. Other incidents with multiple fatalities resulted from motor vehicle crashes, trench cave-ins, electric shocks, explosions, falling objects, and water transportation (table 8). The majority of multiple-fatality events (61 of 63 events) had only male victims, but 18 women were among the workers who died in the largest event.
DISCUSSION
The North Carolina medical examiner system identified 2,524 deaths which occurred at work (excluding suicides and deaths from natural causes) in North Carolina between 1977 and 1991. The majority of these deaths (83 percent) were due to unintentional traumatic injuries, and most of those that remained were due to homicide (14 percent), with smaller numbers caused by poisoning or environmental conditions. We focused on unintentional trauma at work. Elevated rates of death from this cause were strongly associated with the wood production, fishing, and transportation industries. In contrast, the risk of homicide was notably increased in the retail and service industries.
Motor vehicle crashes were the principal cause of unintentional traumatic injury death, followed by classical industrial causes involving falling objects, machinery, falls, and electrocutions. Catastrophic incidents that killed more than one worker contributed most of the deaths from air crashes and fires.
Demographic patterns of fatal occupational injury may provide insights for intervention or further research. In North Carolina, fatality rates among elderly workers were consistently elevated relative to those of younger workers. High fatality rates have been observed among elderly workers in other studies at the national and state level (3, 4, 20, 21) . The causes and prevention of injury among older workers may thus require focused research to take into account the physical and cognitive changes that accompany aging. However, elderly workers' rates of nonfatal injury are low for both occupational and nonoccupational injuries (3, 22) , suggesting that, when elderly workers are injured, their survival is poorer relative to that of younger people. Measures may be needed to protect elderly workers from hazards that would not be lifethreatening to younger workers.
Patterns of occupational injury differed among men and women. The food processing, trucking, and agriculture industries, as well as the military, were important in explaining deaths of female workers. Although women's industry-specific occupational fatality rates were generally low, our research suggests differences in the hazards to which male and female workers are exposed. Among women, the numbers of deaths from homicide and unintentional trauma were equal, and trauma deaths resulted equally from motor vehicle crashes and fires. The notable importance of homicide as a hazard for working women has been observed in other areas (4, 23) . In addition, catastrophic incidents had a large influence on the pattern of mortality among female workers.
One third of the women who died from unintentional trauma at work were killed in a single fire at a poultry processing plant. That fire is a paradigm for some aspects of women's employment in the contemporary South, rather than a statistical anomaly. The plant had relocated from Pennsylvania to a poor, rural county in North Carolina, and employed mostly African-American women. The fire and the ensuing deaths resulted from the failure of repairs that had been performed hastily in order to maintain production. The plant had never had a health and safety inspection in 11 years of operation, but numerous violations of standards were discovered after the fire, including locked exit doors that prevented workers from escaping.
Among all of the sociodemographic groups we examined, African-American men had the highest rate of death from unintended trauma. Similar excess risks among minority workers relative to whites have been observed nationally and in other states (3, 4, 24, 25) . The causes of this differential mortality have been debated (25, 26) but not adequately explained. Much of the difference in the occupational fatality rates of white and African-American workers in North Carolina is explained by differences in the kinds of jobs they hold (27) . These employment patterns may be a function of differences in education, job skills, and geography (28) , and thus part of the South's historical legacy of racial segregation and rural underdevelopmenL However, there is also evidence that some racial difference in fatal occupational injury rates remains among black and white workers holding the same kinds of jobs, which is consistent with the possibility of ongoing racial discrimination in assignment of tasks and working conditions (27) .
Self-employed workers had higher fatality rates than employees of private firms, while government employees had lower rates. Further investigation is needed to determine the causes of the elevated risk of fatal injury observed among self-employed workers. Potential explanations include working conditions that are less safe than those enjoyed by workers employed by others, and a predominance of hazardous occupations or high-risk worker groups among the selfemployed. One possible mechanism for the latter hypothesis is that self-employment may allow people who are vulnerable because of age or other conditions to continue to work and be exposed to occupational hazards. This may be the case for elderly farm operators, who make up a notable proportion of deaths among workers older than 65 years and whose fatality rate is the highest among agricultural workers (29) . Older workers also appear to be overrepresented among serf-employed victims elsewhere (30) . Bias due to underestimation of self-employed person-time at risk is an alternative explanation. Workers who died were classified as self-employed if they were working in that capacity at the time of injury, so the case group could have included persons who had part-time selfemployment in addition to another job, while the Cen-sus identifies people as self-employed only if that was their principal occupational activity at the time. We could not evaluate this possibility empirically, but it deserves further investigation.
Dispersed, rural industries were among the most hazardous we studied. Activities like logging, farming, and fishing involve inherent hazards, and workers in these settings often work alone and under pressure from environmental conditions. These traditional, rural industries are in decline in the South (31) , and operations tend to be small; thus, employers with limited access to capital and technical expertise may face strong economic pressures. Although the construction and trucking industries are enjoying economic growth (31) , some of the challenges in protecting worker safety may be similar. In all of these industries, known hazards are present, but operations are decentralized and often mobile. Studies carried out in Washington State suggest that small operations in both the logging and construction industries have higher fatality rates than large ones (32, 33) .
Motor vehicle-related fatalities among the general public have been substantially reduced by the use of seat belts and by improvements in vehicle design (3). Motor vehicle deaths among workers might similarly be reduced with measures to improve vehicle safety, such as requirements that restraints be provided and used in vehicles employed on the job. A standard that would require safety belts and operator training proposed by the federal OSHA in 1990 has not been adopted. Labor unions have suggested additional standards for vehicle maintenance (34). Motor vehicle safety on the job might also be improved through nongovernmental efforts involving workers' compensation insurance carriers or labor. Adoption of motor vehicle safety standards would clearly bring many more on-the-job fatalities under the oversight of occupational safety and health agencies.
Government efforts in occupational safety and health have historically been weak in North Carolina (35) . Intervention in some key industries may be difficult for logistical reasons. Lacking the visibility and permanence of factories, which have been the traditional focus of occupational health and safety efforts (36) , the operations of logging, sawmilling, construction, mining, and agricultural services can be difficult to regulate and to inspect, particularly for an agency with limited resources. Some of the most hazardous work settings are also outside of occupational safety and health agencies' jurisdictions. Neither selfemployed workers nor the 90 percent of farms with 10 or fewer employees (37) are covered by government occupational safety and health programs. In addition, neither state nor federal agencies have explicit occupational safety standards for motor vehicles or protection against violence, leaving at least one third of worker deaths largely outside of these agencies' purview.
The North Carolina OSHA program generally does not investigate deaths in which violation of an existing occupational safety standard is judged unlikely or where it lacks formal jurisdiction. Thus, although fatalities are routinely investigated by police, the majority of on-the-job deaths go without investigation by any occupational safety and health agency (38) . Other regulatory agencies (e.g., the Federal Aviation Administration and the US Coast Guard) conduct investigations for some types of incidents.
Lack of agency oversight for the safety of selfemployed workers is also of concern. The proportion of the workforce that is self-employed is expanding as companies downsize and "contract out" services formerly provided by their employees (39) . Injuries among self-employed workers should be preventable through the same strategies as those used to protect employees. However, regulation of working conditions for the self-employed is likely to be controversial.
North Carolina is one of the few states with a computerized central database of records of medical examiners' investigations (40) . Although only a small proportion of all occupational injuries are fatal, several advantages are associated with the use of these records for epidemiologic research. They allow the decedent's occupation at the time of injury to be determined and related to the population at risk, as estimated via current employment data from the US Census. The resulting mortality rates should be more accurate than those based on death certificates, which provide only the decedent's usual occupation.
Despite these important strengths, North Carolina's medical examiner data may still underascertain occupational injury deaths. Completeness of ascertainment appears to vary markedly among medical examiner systems in different jurisdictions (41) . North Carolina's medical examiner system has attributes, such as centralization and computerization, that are judged to provide superior data (9, 11, 40) . Nevertheless, a survey of North Carolina county medical examiners indicated variation in the types of injuries they considered to be work-related, and indirectly suggests that deaths among young workers, elderly workers, farmers, and volunteers are less likely than others to be reported as occupational (42) . Consequently, the mortality rates for these groups may be larger than we have reported. Work-related deaths caused by motor vehicles may also be underascertained. While virtually all medical examiners (96 percent) surveyed indicated that they would usually code vehicular deaths clearly related to the performance of "work duties" as on-thejob deaths, the definition of "work duties" appeared to be inconsistent; most medical examiners (75-85 percent) also indicated that they usually did not classify deaths occurring while commuting to or from work as on-the-job deaths (41) . A full evaluation of the completeness and accuracy with which occupational injury deaths are ascertained in North Carolina has not yet been completed. However, a study comparing medical examiner-recognized deaths and state OSHA records suggested good concordance for deaths under OSHA's jurisdiction: At least 97 percent of occupational injury deaths known to OSHA were also documented by medical examiners, and 90 percent of occupational injury deaths known to OSHA were attributed to injury at work in the medical examiner data system (38) . However, the medical examiner system captures additional deaths in industries or from causes not covered by OSHA standards.
Despite declining rates (4), the number of fatal occupational injuries in North Carolina remains significant because of the state's growing workforce. Differences in occupational injury mortality by sex, age, and race suggest a need for further research to understand the causes of these patterns, and for intervention to improve safety and equity. The fact that a significant proportion of worker deaths occur in settings that are not regulated by occupational health and safety agencies or are caused by hazards for which there are no occupational safety standards suggests that more research, as well as expanded activity in surveillance, investigation, and prevention, is warranted. The recognition of violence, motor vehicle crashes, and self-employment as contemporary occupational hazards and the persistence of long-standing problems in declining rural industries are emblematic of these concerns. Ongoing efforts are also needed to investigate and prevent injuries from known hazards in industries such as construction and logging.
